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PHARMACOKINETIC MODELING 


INTRODUCTION 


Air quality impact is traditionally studied by comparing the pollutant concentration in inhaled air with health standards suggested by 
government or professional health organizations. A logical approach is to use the pollutant concentration in the blood, urine, soft 
tissue, or bone instead of ambient air concentrations. In future such an approach could be used for regulatory work. 


However one could predict the concentration inside the body due to inhaled toxic chemicals by using pharmacokinetics. Currently 
most of the research in the area of toxic chemicals is based on experimental studies. Risk posed due to the toxic chemicals is estimated 
from their LD^., (lethal dose for 50% mortality) values, which are calculated by conducting experiments on a group of animals. The 

lower the values of LD50, the greater is the toxicity of the toxic chemicals since the quantity required to produce 50% mortality is 
lower, Although this gives the general idea about the toxicity of the toxic chemicals, ihe actual concentration of toxic chemicals within 
the human btady due to inhalation, wi)ich could be used to quantify the risk, is not known. 

The terms used in pharmacokinetic modeling are brief.v explained below. 

PHARMACOKINETICS 


Pharmacokinetics is a discipline, which describes the time - course of the movement of a chemical through the body and the processes 
that determine the concentrations of that chemical and its metabolism within the body. It deals with the changes of the chemical 
and/or its metabolite(s) concentration in the human or animal body fallowing administration, Le., changes of chemical concentration in 
the different body fluids and tissues in the dynamic system of liberation, absorption, distribution, body storage, binding, metabolism, 
and excretion (Ritscbel, 198b). 

ADSORPTION OF THE C H EMICAL 


Most of the chemicals are transported to their site of action by blood. For the chemical to be present in the blood following 
extravascular administration it needs to be absorbed. Absorption must therefore have taken place before a chemical appears in the 
circulation. Chemicals administered intramuscularly, intraperitoneally, topically, orally, or per rectum need to be absorbed in order to 
appear in the circulation. However, chemicals administered intravenously and intra-arterially do not. 

Since the target organ or site is not usually the blood, once the chemical is present in the circulation, it must penetrate the tissues in 
order to have an effect. Chemicals are not usually specific for a particular tissue and therefore wilt reach a number of tissues and 
organs. The chemical is said to be undergoing distribution when it is present in the blood and is penetrating the organs and tissues 
(Clark and Smith, 1981). 

ELIMINATION OF THE CHEMICALS 


Elimination is the removal of a chemical from the body, by renal and/or biliary excretion of the unchanged chemical molecules or by 
metabolism. Two organs particularly important for eliminating most chemicals are the liver and the kidneys (Clark and Smith, 1981). 
However, other routes of elimination may assume importance with certain chemicals. 

VOLUME OF DISTRIBUTION: 


The total amount of chemical in the body at any time is given by the concentration within the body multiplied by the volume of liquid 
in which the chemical is distributed, assuming even distribution. This volume is the volume of distribution. The total amount of 
chemical in the body at aero time, in the case of a rapid intravenous dose, is equal to the dose inhaled. Therefore, the volume of 
distribution can be easily calculated. It should be noted that this volume of distribution is an apparent volume, i.e. it does not 
necessarily reflect a literal volume of fluid in which the chemical is distributed or dissolved. It also includes tissues in which the 
chemical may be more highly concentrated. This explains why the reported volume of distribution often exceeds the total volume of 
the blood. Nevertheless, the volume of distribution of a chemical often yields information valuable to risk estimation and it is related to 
several other parameters such as clearance. 


A small volume of distribution (e.g, less than 5 liters in man) implies that the chemical is largely retained within the vascular 
compartment. Distribution within the extracellular fluid would yield a volume of distribution of approximately 15 liters. Large 
volumes of distribution imply distribution throughout the total body water. 

THE HALF LIFE TIME 
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The naif-life is defined as the tune taken for the plasma concentration to fall to half of its original vaiue. The half life time, I,,., , is 
simply related to the rate constant k j. The slope of the line on the plot of ln[C] versus time is the ratio of the change in ln[C] to the 
change in time, 


Slope = 


Ain [C] 
At 


For A T = T 1/2 , the change in ln[C] is -0.693, Hence, 

0.693 



The half-life is shorter if the clearance is large because .with each subsequent concentration thE elimination rate increases. 

The elimination rate constant (k g j) is a constant, which is more useiul to the pharmacokineticist, and which can be obtained by simple 
calculations from TIt is a proportionality constant and may be defined as the fraction of the chemical present at any time which 
would be eliminated' in urut time. For example, if is 0.1 min-1, !0 percent of the chemical present at any instant in time would be 
eliminated in one minute. 

When the concentration of a chemical in plasma or blood declines to half of its original value, the relationship is: 

Cp/Co « 0.5 

or, more generally, in the case of a linear log [0 CP versus t plot: 



c 

^(t-Tia) 


where, Cp^ is the concentration at time t and C^,_ T1/2 ) is the concentration at a time T^, earlier than t. 
Since Ln C p = In C Q - k e) t 

T i/2 = 0.693/A sl 


From a linear log 10 C p versus t plot one can obtain T m and therefore the elimination rate constant (k e] ). k fi! has the dimensions of h’ 1 , 
min' 1 , ors' 1 depending on whether T, „ is in hours, minutes or seconds, respectively. 

CLEARANCE 


Blood Clearance (C1B) or Plasma Clearance (PIP) is the volume of blood or plasma cleared of chemical in unit time. It is obvious that 
clearance must be related in some way to the volume in which the chemical is dissolved (volume of distribution, VD) and the rate at 
which it goes out (i.e. related to or t0 the elimination constant k^). In fact, clearance is defined as the product of the volume of 

distribution and the elimination rate constant. 

Clp =VD* lc,] 

Rate of elimination = Clp x Cp 
where, Cp = concentration of the chemical. 
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EXTRACTION 


Once a chemical is inhaled, it is delivered to an argan(s) via blood. Therefore, the maximum rate of chemical delivery to that orsan(s) 
is determined by the blood flow. If the organ takes up the chemical from the blood extraction is said to occur to some extent. This 
results in a chemical-concentration difference between the blood flowing into and out of the organ(s). 

The proportion of the chemical removed by a single transit of blood through the organ(s) can be expressed as the ratio of the incoming 
and outgoing concentrations. The ratio is usually called the Extraction Ratio (E). 

Extraction (E) = CI H l Qg 

where, Clg = clearance of the chemical by the organ and 
Qg = blood flow to the organ. 

When the extraction ratio approaches unity, the clearance by the organist depends upon the blood flow. If the extraction ratio is very 
low, the clearance of the chemical by the organ(s) is independent of the blood flow (Clark and Smith, 19S1). 

FIRST PASS EFFECT 


First-pass,effects are said to be cxhfDited when a large proportion of the chemical being absorbed is removed before it can enter the 
general circulation. 

The fraction of the chemical, F^ which reaches the systemic circulation is therefore given by. 


F 0 -l-E 

It is clear that the chemical, which has a high extraction ratio will exhibit a marked first-pass effect 


MOVEMENT O F THE CHEMICAL WITHIN THE HUMAN Ttfinv 

To exert its pharmacological effect, a chemical must reach its site of action. To achieve this, it is essential that the chemical reaches the 
general circulation, which serves as the natural vehicle. This requires it to cross a physiological barrier, such as the gastrointestinal 
tract, and the phenomenon is then itnown as the process of absorption. The chemical crosses this "obstacle" in different quantities and 
the fraction of the dose absorbed constitutes the coefficient of absorption of the chemical. 


The absorbed chemical enters the portal circulation before reaching the liver. One of the functions of thus tissue is to transform the 
chemical into products, called metabolites, which are more readily eliminated, being generally more water-soluble (Labaune, 1989). 
This hepatic process starts as soon as the chemical reaches the liver, but the outcome is variable. It is known as the hepatic first-pass 
effect to which a possible intestinal and/or pulmonary first-pass effect may be added. The net effect of these two processes (absorption 
and first-pass effect) determines the amount of the administered chemical which will reach the systemic circulation and is known as 
the btoavailability. 

Having reached the general circulation, the chemical: 

• Firstly, interacts with blood constituents (erythrocytes and plasma proteins) for which it displays different affinities; as a 
result, a small fraction will undergo erythrocyte binding. However, protein binding which is characteristic of the chemical will 
predominate. 

• Secondly, is transported to all the tissues, which are capable of extracting the compound to a different extent. The liver and 
kidneys are the most drug "avid" tissues because of their metabolic and excretory functions (Labaune, 1989). The crossing of 
the blood-brain barrier and foetoplacental diffusion represents two special cases. This transport of the chemical throughout the 
organism reflects the distribution phase. 

The presence, of exogenous substances (chemicals) in the organism sets several elimination processes in motion; 

• urinary excretion, comprising of the physiological mechanisms of glomerular filtration, tubular reabsorption and Tubular 
secretion. This process is called renal clearance and leads to the excretion of the chemical into the urine; 

• biliiary excretion which allows the elimination of the compound through the bile, by discharging it into the duodenum where 
reabsorption is possible, giving rise to an enterohepatic cycle; 

• conversion into metabolites by a number of tissues including the liver, intestine, lungs and kidneys. This is the metabolic 
clearance. 
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The sum of these processes allows us to estimate the total clearance of the chemical, which represents the capacity of the body to clear 
itself of the ingested substance. However, the cuncentration o: the pollutant, will decide whether a human body may/may not be able 
to eliminate all the harmful substances that it is exposed to. The retention of such harmful chemicals within the human body, especially 
over prolonged periods, is a significant contributor to risk, which is a. major area of concern in Environmental Engineering. 

The risk posed to the human and ecological systems due to the presence of a pollutant in the body depends on the concentration level 
of that pollutant. The risk assessment of pollutants requires the prediction of pollutant concentration within the human body. Using 
pharmacokinetic modeling, concentrations of pollutants within the body can be estimated. 

MODELING OF BODY CONCENTRATIONS 


Saltzman (1996), used the pharmacokinetic model to predict body concentration of the pollutant. He suggested a generalized approach 
based on the feet that any finite fluctuation pattern can be approximated as its discrete Fourier transform. Saltzman and Fox (1987) 
made an experimental study of exposures of rabbits to sine wave concentrations of carbon monoxide with periods of 37 to 289 
minutes, and determined the percent of carboxyhemoglobin in the blood by analyzing small samples drawn with a catheter Implanted 
in the central aural artery (Saltzman, 1996). He assumed toe entry of the pollutant into the numan body to be a linear kinetic process. 
Then the entry of any complex concentration pattern was determined by adding the entries of each component sine wave and of the 
mean concentration value. 


Matoba et. ai. (1998), have developed a simulation model, LnPest, for prediction of the indoor behavior of uesticides. The developed 
model is based on the Fugacity model taking into account the generation of aerosol and vapor, settling and horizontal movement of 
droplets, changes in droplet diameter and adsorption and dissipation. The model can be used as a risk assessment tool to evaluate the 
safety of an indoor-use pesticide by comparing the mammalian toxicological levels with the estimated exposure to the pesticide of 
room occupants. 


Sarver (1994), has developed a multi-compartment pharmacokinetic model based on his experimental studies. He studied the 
concentration of a tracer drug dose injected into a rat. The multi-compartment model consisted of four compartments: implantation 
Chamber. Avascular Matnx Region, Matrix Tissue and Capillary Lumen and Body. He developed a four-equation system and solved it 
with the use of computer modeling. 

Hilderman et. al. (£ 999), added three additional receptor response parameters to the standard toxic load model; an Uptake Time 
Constant, t^, a Recovery Time Constant, t r and a Saturation Concentration, Cs. These additional parameters were used to correct the 

exposure toxic load model, which is based on constant concentration and fixed duration exposures to laboratory animals. The study 
demonstrated that these receptor parameters make a significant difference to the toxic load that is calculated for a fluctuating exposure. 
Thus this model, besides accounting for some of the most important receptor response factors, improves the hazard assessment of toxic 
releases. 
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